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CHAPTER 1 


IN TRODUCTION 


1.1. Literatu re Review 

The separation of liquid or gaseous multicomponent 
mixtures into pure components or into fractions of desired 
composition is a common need of the chemical industry, e.g. 
in the preparation of mixture of raw materials for further 
processing and the purification of reaction products, etc. 

One of the essential requirements for rational design of units 
in separation operations like distillation, absorption, 
extraction etc. is a knowledge of the governing phase 
equilibria. 

The possible number of liquid and vapor mixtures in 
technological nr oc esses is incredibly large and it is unreason- 
able to expect that experimental vapor liquid equilibria, will 
ever bo available L'or a significant fraction of this number, 
furthermore, obtaining reliable and accurate experimental data 
requires an appreciable experimental skill and experience. 

It is, therefore, an economic necessity to consider techniques 
for calculating phase equilibria for multicomponent mixtures 
from few experimental data. Such techniques should require 
only a limited experimental effort and whenever possible, 
should be based on a theoretical foundation to provide reli- 
ability for Interpolation and extrapolation with respect to 
temperature, pressure and composition. 
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Equations of state are usually used for predicting 
vapcr-liquid equilibrium and volumetric properties in the 
absence of exporir •..•r.tal data. following van der ’duals 1 work 
in 1v>73j many variations of the soni— empirical PYX' equations 
have ’'G3i. proposed and those continuing efforts extended over 
more than a century and voluminous articles on this subject 
exist in the literature. Tlio subject received fresh inputs 
with the advent of computers . 

All existing equations are practical modifications 
of either the Virial equation or the Hard Core equation or 
both- Ivo major equations of state that still continue to 
be modified are the Re dlich-Kwong (EEC) and Benedict-Webb-Rubin 


(BdR) equation. 

f 1 ) 

Rodlich and Kwong^ 1 formulated a two parameter 

equation in 1 '.3 4 0 - Since then numerous modified RK equations 

( 2 ) 

have boon proposed by Rodlich and Dunlop^ " , Chue and 
1 ’raursnit y, • ^ ; Vila on^ 4 \ Sadvit cl* and J of fee ^ 5 ^ and mine rous 
others. Chau dr on and Konorr ' , Yogi and Hall w considered 


the parameters as polynomials in the inverse reduced temper- 
ature and, by m grossing experimental data for pure components, 
obtained const. nits for 2b substances. However, one recent 
modification of this equation mado by Soave^ , known as the 
Soavo -Re dlich-Kwong (SRK) equation, has rapidly gained accep- 
tance by the hydrocarbon processing industry because of the 
relative simplicity of the equation. The most evident 
•weakness of the SRK equation is that it is applicable only 
upto the critical temperature even for ^simple fluids . 
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,( 9 ) 


ITJR equation^-'' is one of the most elaborate 
equations of state. It was originally developed by considering 
the properties of hydrocarbons and is traditionally associated 
wit!,. -J..0 30 conoounds . However, this has been applied also to 
non-hydrocarbons . In general, the 3WR equation will predict 
nrossurcc that are v/ithin 0.5 per cent of the true values and 
densities upto 1.8 times the critical density. Major devi- 
ations exist at T r - 1.03 and above a reduced pressure of 1.1. 
This is not unexpected since it is in the low temperature- 
high pressure region that the deficiencies of the 3WR equation 


(9) 


are n or e ; q i p ar o nt . 

Benedict ot.al. w/ demonstrated the ability of their 

equation to successfully sredict phase equilibrium data for 

the lie tliane-Bu tune system at high temperatures. Pew years 

later the name group extended the equation to low temperature 

predictions of pure component vapor pressures by defining the 

pure component coefficient as a function of temperature. 

( i o 1 

Sootier and lone diet ' further extended the BWR 

equation to predict hydrocarbon-nonhydrocarbon systems. 

They discovered that oven though pure component vapor pressures 
were accurately predicted, the calculated phase equilibrium 
for .mixtures of the same nuro components showed significant 
errors. The inaccuracies wore said to be due to the inability 


of the nixing rules to describe system nonidealities. The 
solution to this problem was to make A in the mixing rule a 
function of the binary noridealities . Their modification of 
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the mixing rulo consisted of introducing a binary interaction 


coefficient k. 


i,]' 


Thick. was back calculated from experimental 


phase equilibrium dot a. In this manner, the phase equilibrium 

behavior ot I'ro qc ri -Mo thane system were accurately predicted. 

burn. -a and Aleor' ; , while working with natural gas systems, 

found that though predictions for wide boiling hydrocarbon— 

bydroearb on mixtures could be accurately made at moderate 

and high temperatures, errors appeared at low temperatures. 

I'hoir conclusion was that the mixing rules were the cause of 

these errors. Thus even for the prediction of a relatively 

close boiling system, Methane-Propane, at low temperatures, 

the original mixing rules were inadequate . 

{ 12 ) 

Oryo " successfully predicted phase equilibrium 
data for several wide boiling hydrocarbon-hydrocarbon and 
hydrocarbon-nohhydrocarbon systems by the modified mixing 

(IQ) ( 22 ; 

rule. Par A jtotlor and Benedict v * , and 0-ugnoni nnd Leo 
applied the modified B WJi equation to the experimental data of 
CO,,— M thane s./ston . 

( 5 ) ( 1 A 3 

JoCfoo ‘ind Kudkvitch" J 1 and Kaminishi et .al . 

notocl that vapoi liquid equilibrium relationships for systems 

containing C0-, and light hydrocarbons could not be well 

correlated by using an equation of state. However, it has 

< 1 A 15) 

been pointed out' J that a narked improvement in these 
calculations are obtained by applying a modified BWR equation 
of state with the correction factor m corresponding to the 
interaction parameter. 
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barb 


(in 


A generalised BWR equation proposed "by Starling and 
, kxiov/n as the B\7RS equation, is able to predict the 


properties -it reduced temperatures as low as T = 0.3 and 

r.' aucc:l densities as high, as f = 3*0. In this relation 

hour coefficients are added to make It temperature sensitive. 

( 1 7 ) 

l.-'-t'.-r hiohiu-'i and 3aito v ; generalized the BWRS equation 
addi. ■ hurt 1 .or lour coefficients to predict thermodynamic 
properties at extremely low reduced temperatures, e.g., the 
vapor pressures of heavy hydrocarbons below a reduced temper- 


ature of 

1 . : . h vsent Work 


I 'he .ii-csont work involves calculation of vapor- 
liquid equilibria in binary systems of 00^ with five light 
paraffins a.-td Tsobutano. The phase behavior of binary 
mixtures of ’•0.. and light hydrocarbons has been investigated 
in a o f n. detail si sec the measurement of Kuo non in 1897, 
but there have been few vapor liquid equilibria studies in 
the low temperature range. Of more interest is the fact that 
those binaries do differ markedly in phase behavior from 
hydrocarbon systems because of the significant quadrupole 
moment of 00 o as well as woak acid base complex formation 

/dp \ 

with hydrocarbons.' J Comparison of experimental data with 
the modified RK equation 1 ^ 15 ? 20 ^ provides a fairly good repre- 
sentation of the experimental data for each binary system. 

A modified BWR equation is also suitable for the study of 

( 12 ) 

COg -hydro c-arb on systems^ / are of importance in secondary 
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recovery of petroleum. reservoir fluids and in processing 
plants to remove solidified CC 0 either by absorption in amines 
or , molecular sieves. 

The first part of the work applies the Augmented 
- (PI ) 

-■••anar/- h.nos Equation of State in calculating compression 

factors "it various temperature and pressures for binary 
mixtures of 10 ,-, and hydrocarbon. 

The second part of the study involves vapor liquid 
equilibrium, calculations for CO^-hydrocarbon binaries using 
the modified PA7R equation of state. 



CHAPTER 2 


2.1. Au r;: l or.ted L o nn a r u->T o nos { ) .. po^iat ion, of. S tat e 

An equation of state is developed by combining 1~< 

aquation v/ith a truncated Vi rial equation like the Augmented 

(p 3 ) 

Hard Sphere equation developed "by Bienkowski " The 
Augmented Hard Sphere equation is a combination of the Hard 
Sphere Equation (aoant for high density) and Virial Equation 


(restricted to low density) in order that a systematic combi- 
nation of the two may lead to a quantitative description of 
all the densities. With this augmenting procedure, the 
Augmented Tj-J equation of state is of the forms 


LJA 


t.j i_i 5 . _LJ \ „ i-1 

T. rr. p 1 1 + z (E. - Bjr ) o 

i«1 1 i=1 1 1 


', lxT + *z (b. - B^ J ) p* -1 

i=1 1 1 


(D 


2.2. L ennar d- - Jones Equation of State 

Considering the perturbation theory studied by Barker 
and Henderson^ 26 Verlet and Vfeis^ 27 ^ presented equation of 
state for L~J fluid. It has been approximated by hard sphere 
with a temperature dependent diameter. The interaction 
between the atoms for B-J potential is 

12 6 

0 { t ) = 4 e *(”;) - (jr) * 
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The equation of state for L*J. fluid proposed by 
Vo riot and V/ois is as follows; 


( #7 n) 


~r) < BITr a 3 # (llpd ; ) + ^(Ip a 5 )* 0 O ( Up 6?) (2) 

•" ; 1 S £ - 


3 \2 


wh.oro .0^ ( II , d 3 ) 
0 O ( ; : >-d 3 ) 


S h' (Up d 3 ) n /n 

-1 al 


>-• Ci(Np d^/n 
1 n 


(3) 


(4) 


dince molecular collisions become more energetic at 
higher tom a natures, the interpenetration of the electronic 
clouds becomes deeper and hard core appears smaller. Barker 
and Itondorscn' 1 •' suggested a rational definition of the 
hard core diameter d as a function of temperature given by; 


a 


d 


/ ( I - n 


f {1-0 

o 


t> u(r) 


) dr 
1 2 


(5) 


mV { (|) “ (j) ^ 


1 dr 


( 6 ) 


( 2'o ) 

The equation proposed by Carrihan and Starling ' is; 


In 


7, 


whore 


1 + r,!i + 


n- 


(1 - n 1 
g W pa ^ » 


( 7 ) 


T = KT/e 


Using equations (3), (4), (6) and (7)? the expansion 
in the power series about density, i.e., equation (2) reduces 
to ; 
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W = ^ = 1- + (f ^d 3 + & b ’ Nd 3 ) n + {10(| 2-Id 3 ) 2 + 

PbJI^d 6 + £c.jh 2 d 6 } 2 + { 1 8( ^ Nd 3 } 3 + 

« 2 c£(Fd 3 ) 3 } r 3 + {28(| 2Td 3 ) 4 + g 2 c i(Id 3 ) 4 } , 4 + 

'19(£ Hd 3 ) 3 + rnL(Hd 3 ) 5 ) p 5 + 5 (f Nd 5 ) 6 '«. 6 - 
(1 5 ( g 11 Nd 3 ) 7 - B T^(Nd 3 ) 7 } p 7 + Bb£ ? (Fd 3 ) 27 p 27 + 

B 2 c^g(M 3 ) 29 r 29 .(8) 

Horo f ; - = pW 



- 5.851 

C 1 

= -1.27 

bi 

<L 

- 5.757 

°2 

= 7.438 

*5 “ 

16.239 

(*V t 

u 3 

= - 8.938 

V,A 

~ 5 .9 66 

p 1 
°28 

= 197.24 

h t - 

•'27 

- 81.585 



The 

augmented L.J. 

equati on 

of state truncated 


after the third Virial coefficient is s 

. Z IJ + (b 2 - D + (3, - 3f ) r- 2 <9) 

From equation (8), 

B 7,7 = | * ITd 3 + e ToJj ild 3 (10) 

= { IOC M 3 ) 2 + Cb£(M 3 ) 2 + g 2 c.j(M 3 ) 2 } 


( 11 ) 
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( °°1 ) 

Tsonopolous v codified the Pitzer and Curl relation 
for second Virial coefficient and the sane is used to calcu- 
late tlio second "‘iriol coefficient of C0 2 and light hydro- 
carbons. Tsono K’lous correlation is given by; 


3 


p • 




r 0; + e f v 


( 1 ) 


c 

A o ) 


0.330 0.1335 0.0121 0.000007 

U.IV40 - 7p ” — o”“ “ “ "v. p 

~r T re 1° 

3? X* 27 


( 12 ) 

(13) 


f ' 1 ) = 0.0637 + 

m L ~ 

r 


0.423 0.008 


T 


T 


8 


(H) 


Third Virial coefficients for Methane^ Ethane and 

( 20 ) 

Pro cane is calculate a by Pope's generalized correlation 
for nor rial fluids given by; 


V 

0 


c 

(o) 


0 (0) 4- w 0^ + u> 2 


107.08524180 - + 3 ^ 462 8 0 1 ^1 5 + 

1 r T’ 5 

r 


(15) 


1142.30301106 + ^1332020 _ 57^72323501 > 

~ r 

oxr(- ^) + {- 1 .8120154482 + — 1 4.1| 112373 } 


T. 


\1 - exp >10 ^ 
1 r 


(16) 


(1 ) _ 7,-22.3669893 - 2Si + 2268^610*665. 


+ 


T; 


T 


( 9475.01754 + _ m°*l 8 gK , 7P ) exp (. V, 


T: 


10 J 
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(••• 5- 3521 575772 + ( 1 


T 


exp(^))10" 4 


(17) 


,,U' 


'-3328.405920 + 


1 91 34 v;-. 181 2 27377-9 47 640 


rp 


5 

f jT 

r 


gni 65 ... 1 91 5 9 o'! "14 29 P 42 « 3 6009 2 ^ 


2. 


2 


xp (- yg) + (0*0071 3119 -38634 - 2^22£L|1§11IM1) 


(1 


o-xp 



( 18 ) 


The Third Virial coefficient of 00 ^, n-Butane is 
calculated using the equation by Chueh^°^s 


c 

—iv ■ 

• f {£ 
x o ,r I’ 

a) 

0 




f c ■ 

-■ (0.2 

32 j-O-25 

+ 0.468 

t -5 )(1 .. „0 - 1-39 I?)) 

r v 



4- i\ 

-(2.49 - 

n 

2-30 T r 

+ 2.70 T*) 

(19) 


For; values of ' d’ given are sufficient to suggest 
good estimation for other nonpolar gases. By a judicious 
interpolation, d — 2 for n-Butane and d = 3 for OOg has been 


chosen 



The augmented L.J. equation of state is extended to 
tie I'i'xr’ mixtures of 3 1 0 and light hydrocarbons upto n-Butane 
far various compositions at different temperatures. 

A significant result of the molecular theory of the 
1 trial equation is the precise composition dependence of the 
mixture Yirial coefficients. Second Yirial coefficient is a 
quadratic function of the mole fraction. 


n m 


B 

n 

£ £ v-y .E. . 

i*1 3-1 3 13 

(20) 

The 

third Yirial coefficient is given bys 



o in m 

(21) 

C n 

" i ■ : wAjk 

For 

a binary mixtures* 



r{ y i Ji i 4 ‘ ?y i y ^it + :i 2 B 2 

(22) 

°m 

* y 1 C 1 + - J 1 y 2 G 1 1 2 3y 1 y 1°122 + y 2°2 

(23) 


The equation expresses that mixture Yirial coefficients 
are made up of contributions due to molecular collisions of 
all sorts, and the weight of given kind is proportional to 
nolo fractions of the components involved. Thus, the coeffi- 
cients on the right hand side of the equation with indices 
all referring to the same component are Just the Virial 
coefficients of the pure component. The indices are accordingly 
abbreviated like to and 0^-| to etc. 
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In order to calculate the cross coefficients B . .• 

(i / 3 ) v/e specify the parameters V . . , T . . , P . . and “ . . 


C13 7 C13 C13 


ID 


are as follows;’ 

V 


C13 


i (tV 5 + dip 

8 ex 03 ' 


ci: 


r ( 711 

xj u ci "c3 




where K . . is an adjustable binary parameter. 

d 

11 . values are taken from the work of Plocker and 

/ 7 i \ 

Prausnits / J , The interaction third Virial coefficient C . . 


is p;iven bys 


ijk 


0 


13k 


(0 ij C Dk°ik) 


1/3 


c i.i = 

v 2 - / T 

^ cij c T . ? 

exj 

d i;j 

1 (a i + a 3 ) 

°i 1 2 

( °1 1 ° 1 3°1 ^ 3 ) 1 7/5 

°i 22 

( c -l S C 22 C 1 S ) 

O). . = 

13 

?("i + 

Z cij 

? (S ci + -V 


d. . ) 
13 


x 


In order to find the potential parameter c„ and for the 

( 05 ) 

mixtures, dubbins v ^ ; et al. proposed: 


3 

. e 

X X 


S a x a X f> e a,l 3 a ae 

a, B 
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~ x. x c ? 


Ct j \. 


‘a {• ctfi 


V'ith above mixture rales, the augmented B.J. 

; caution of state for mixture s is written as follows; 


,.LtTA 

‘ ,;j n 


, 7 1J 

'31 


+ (B 


2m 


T BtT \ , ( T} 

J 2m 0 + ^ 3 3n 


-nlJ \ 2 

B 3m } •" 


(24) 


and B, are real fluid Yirual coefficients for 

1 J)Li \ 

;ure ; B 2n a -nd E. 
and (21) respectively. 


the mixture; R 2n a -nd are calculated using equations (20) 


2.4- Ca lculation of Pugacity Ooefficient 

The fugacity coefficient is derived from the augmented 
L.J* equation of state using the relation 


V 1 P V 

In 0 = / (1 - i-) dv + 2 - 1 - In 2 


(25) 


resulting ins 


In 0 


2B,>r + £ B, 


ri 


+ 


2 " 3 ‘ " 3 4 


i b! jJ + t bF - + F b5 J p 5 


4 5 


5 - 6 


_ •; _,LJ . 6 8 r LJ 7 ^ 23 ^LJ .,27 

+ * 6 * -’7 h ' “ 7 -' J 3 1 + 27 ^28 1 

, 30 tjLJ r 29 _ lr) , 7 BJA 
+ 29 pO ’ ■ Ln ‘ J 

The component fugacity coefficient is calculated using the 


(26) 


relation; 


v 


r>rjn 


In 0,- = / { ~r - (~) 


P 


n. 


} dv - RT In Z 


BJA 


(27) 


1 T,v,n. 

J 


resulting ins 
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This relation can be applied to mixtures with appro- 
priate selection of second and third Virial coefficients for 
the mixture . 



r 

i'x-. 1 1 . L 


or-hiuil oalcuiatiow 


; V* 1 .nuati or. of s'.v.to ir 


1 - -i (7i li- 

v 0 


4}) + (l)RT - a) 


+ a + — i- (1 + v p 2 ) e " 
Or 


v . 


Followin' 1- the su/reestion of Statler and Benedict 


• (29) 
( 10 ) 


tin; nil e IV: 


A hao Been modified as follows; 


r 

i 


x 7 A . + 
a 01 


M,l!^ A 1 / 2 


I 7 i 

n - s ' ij i 3 oi 

J- ^ 

3 4i 

,1 > i 


03 


(30) 


'lioriOD in it".* original equation, m . . is equal to 2 , in the 

4- J 

• :ofli i" - iod equation ::i. . in the value determined fren the 

1 3 

. qui librium uata. 

T u,' Ai.qaoity of a component in a multicomponent 
mixture ia /;iyen by.. 


p/i ir. 


J 

V 


{ * ^ p \ 
■ 


1 ? 'I J ^4 

J 


Rf , 
“ T s 


dV - HD In 


V 

It. hd’ 

i 


(31 ) 


„ 1 , Ori nal Mixin g Ru les 


i 

i i 


. 1/2 , 1/2 


■' -;.x. A 1 '.'- A V. 
l 3 oi 03 


(32) 


l 

i 


i “ oi 


(33) 



( 34 ) 


C. 


b 


{ 7 

i 



, 1/2 


c'^l Y 

oi 1 


{ :• 
i 



, 0 V3vi 

1 


')> 


( 35 ) 


a 


a 


X 1 


{ : 
i 


1 


•°)} 3 


i 




{ Z 
i 





{ x 
■] 
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( 37 ) 

( 38 ) 


( 39 ) 


’edified 3VR Mixing Rule 


x . x . A 


1/2 a 1/2 


13 01 


0D 


(1 




( 40 ) 


j .* 


ii: * 


•a r 1 


‘fcumporaturo dependence of the 0 Q coefficients 

/ 19 ) 

Table T] v unci C has been correlated using the 


variable ^3('’)» v:l>.oro 


dO 



(7) 


1 

"0 u 0 ' 


0 1//2 (1) 

0 


"1 / * ’j *j / O 

0/ “ (l ) is the high temperature value of Q ' given in 
ho) 

Table I' . For temperatures above T , 0^ is a constant. 
For temperatures below 1 9 the following equations are used 
Cor 4cJ/ 2 (3?) , 

^Cq ///< "(T) " Q-j Q 2 + § 2 ^ + ^3^ r *^4^ 

T - T 

whore 0 « — m — - ? 1 is in °E. 

c 



j i .. * 


' : c.iii i?io c' . fora of r.iiairr- rule 


- ■pn 


In (~#0 + {(3 o + B oi )uT - 2(C 0 . )^ 2 /t 2 


T. 1. . .r . . ( A .a . )^/ d i ,, 

i:i :r or or 


1 01 ' i.T'J '"oi''oj 

;;=^i 


+ v { (b^b. ) 


1/5 IT - 1 1/5 


v a a i ' J > r- 


+ j*- { a(a t ‘ a^)^ // 5 + a ( a 2 a^ )"* ^ } p^ 

+ 2 (o 2 c ) 1/3 { a.-_£pf . £, 

x 


u . 1/2 „ \>p 


+ .r£_= ( .U)'- { i^e 


2 


I 


vp 


vp 


V ! G 


- V f 


} 


vp" 


(41 ) 


v.iu-rv a.. nay bo either liquid or yap or mole fraction according 
to 'toi;.' th" dor, city of the liauid or vapor is used. 

It equilibrium, fugacities of each component i in all 
rotr.'i 'ctivc.' yijiaoo^ (V, L) are equal 


V 

q 


and by direct method. 


r • 


/ yi V 


,, 4 J 


0 L x. T 

1 


and v;.*) or is at ion ratio, K. 




x i 


£ 

% 



i y 


•'* ouoble point program^ wa s vnritten to satisfy 
tho following conditions for "binary systems at a specified 
and liquid composition; 

' : n ; t - ■■'(rt"', x 1 ) 

"T ▼ 

‘ ‘ , . ' > / n ij \ 

•1 ■ ■ » • V -1 ( • » - : 1 } 

f ;> ! r , x 2 ) 

and 

-* i.o. 

In ov.-ry iteration step ? the density of both liquid 
and vapor is calculated by substitution method of Johns oil and 

f "1 ) 

salvor ' 



CHAPTER 4 


RESUL TS AMD PIS CUSS TOES 


* ihMHJlfl lted H.J. Equation of State 


Compression factors calculated Toy augmented L.J. 
equation o.t state for three types of mixtures at different 
composition and temperatures studied are shown in figures 1 
to 7. In all the three types of mixtures, it gives reason- 
ally '-cod results upto 1000 psia and at moderate ranges of 
teru>o natures (upto 280°?). The deviation get larger for the 
values of pressures above 1000 psia as seen in Figures 1 and 


At high values of temperatures, i.e above 280°E 
■ho results obtained are satisfactory. Ercm the tabulated 
values, v /;■ can conclude that with high percentage of C0 ? in 
a typical 00,, -hydrocarbon, mixture, the equation of state 
changes its trend Iron over-pre diction to under-prediction. 

I3in.ee Rope's generalised correlation (18) of 
third Virial coefficient is based purely on hydrocarbons , at 
high percentage of CO^ in the mixture it is not able to give 
good results with the combination of He rniard- Jones potential. 
Improvements in the prediction can be made by adopting the 
equation proposed by Cliueh (19) for CO^-hydrocarbon systems. 
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±‘- m lr.--j-flu.i d Equi libri um C alculation 


•q v.. 


v cults obtained using bubble pressure program 
ivs tom s are 'cabulcted . application of L'./R equation 
or .aid liquid is restricted by its binary parameter 
.:e tabulated benedict •Vobb--riu.bin constants (12) are 
■eat .‘it values to P~V~I l data but are the adjusted 
para 1 iPtfirs in proving the generalized correlation for constants 
in tla.* homologous series. 


"■ o 


not t' 


In this work, binary parameters for calculation are 
s Vb cfci.-d approximately so as it can cover the VIE data 
conditions . It was, therefore, not possible to get accurate 
values of both bubble pressure and vapor mole fraction. 

'.'■•lines of m. . for certain systems as worked by 
. J 

1 M ) 

Cryc i/ bale on as such and for the rest of the mixtures it 

is assumed lo be equal to 2, i.u., we adopted the BWR equation 
•..ith h In osi-lnal mixing rules. 

'oil of tV* results tabulated are the result above 
the hi: ary parameter pressure range (by 2 or 3 data points) in 
order to find the nature of deviation. ITo definite conclusions 
can be reached unless proper values of m . . are incorporated in 
the calculation. 

Ivon though tho calculated bubble pressure deviates 
much from the experimental value, the relative deviation for 
the equilibrium ratio is found to be smaller as evident from 
figures 8 to 13. Figure 9 presents the results of calculation 
using the proper value of m., and a marked improvement is 


evident . 
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CJ'O :> 

lust ' "i 

: nib lie 
tl.-'.t 
ty Hi - 
can '-v 


T+ 


•n:r!;,;.i nt"ls t 


"CiS boon recommended by Ohueh and Prausnitz 
S 4-92 (1967)) to use the 0 “ ^ j ) 

•*'- .. . however due to the non-availability of the 

"t j o . "■ nlioned ? we could not adopt that. It is folt 
ith the uso :’f ]■: values and the mixing rules proposed 

1 J 

( 7 ft ) 

'.ini’i and 3uito w ' ' a marked improvement in the results 
c': /ioved . 
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CHAPTER 5 

T ABULATI ON OE PARAMETERS USEE IN THIS WORK 


HP's- 9J? 1 . ilpxJl 

'air 


0 

C A 


e/K °K 

Methane 



3.758 


148.6 

Ethane 



4.443 


215.7 

Propane 



5.118 


237.10 

But arc 



4.687 


309.74 

OJ 

o 

o 



3.941 


195.2 

table r ; 

PURE _ 0 01 TP0NB 

ITT CONSTANTS USED IN 1 

THIS WORK 

Bulr.' banco 

in 

*C 

L°I.L 

'/) 

1 c 

( atm ) 

V 
r c 

( cm3 /gm ole ) 

Z 

c 

00 


100. 6 

-1 5 - 4 

99.0 

0.288 

0.008 

Wthauo 

>05.4 

40.2 

148.0 

0.285 

0.098 

p V* '*)*,’>,* ' 

3 GO . 8 

41 -9 

203.0 

0.281 

0.152 

n-Butano 

425.2 

37.5 

255.0 

0.274 

0.193 

i -But a no 

408.1 

36.0 

265 • 0 

0.283 

0.176 

n-Pontane 

469.6 

33.3 

304.0 

0.262 

0.251 

n-IIoxane 

507.4 

29.3 

370.0 

0.260 

0.296 


CO ? 304.2 72.8 94.0 


0.274 


0.225 
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TAlCiJ 0: BII. ARY INTERACTION 

PAR/iilETERS USEE 

IN L.J. POTENTIAL 




AyOuU: 1 

K. . 



~ i;; 


-0,,- • 

0.975 


' -Eti;,!* 

0.938 


■' “V "• o i '■•*! no 

0.925 


- :-JTfcnrn,> 

0.955 


" -I:3 0putanu 

0.946 


" ~n-Aditn.no 

1 .002 


•’ -n-Nonan,:; 

1 .018 


YA33IE VALUE 0? Jt. , USER IN THIS VOHK FOR 

VIE CALCULATION 




Cy~? to K\ 

Aii. 


00 0 - 

1 .800 


0 

HI 

1 

1 .766 


:i Ann 

1 .720 


n .-XnnV'j by.r* • 

2.000 


" ~n~Pent . j n- 

1.950 


" -n--IIoxane 

2.000 
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CH APTER 6 

TABULATION OF RESULTS 


EQUIVALENT HARD 
TIPI 'ERASURE 

7 enj oerature , ° P 

SPHERE DIAMETER WITH RESPECT TO 

ETHANE 

0 

Hard Sphere Dia, A 

100.0000 

4.3656797 

1 00.0000 

4.3602681 

0.00 00 

4.3351331 

280.0000 

4.3502445 

040.0000 

4.3455775 

400.0000 

4.341 1108 

c\ 

* 

O 

O 

4.3368262 


PROPANE 

40.1:000 

5.0407305 

1 00 .0000 

5.0344579 

1 60.0000 

5.0284986 

020.0000 

5.0228348 

280.0000 

5.0174352 

340.0000 

5.0122735 

400.0000 

5.0073275 

460.0000 

5.0025780 


Contd 



TAB IE 1 (continued) 


ff-BUTAHE 


I em pe rat u r e T °D 


I-Iard Sphere Dia, A 
4.6447068 


1 00 . 0000 

160.0000 
220.0000 

280.0000 

340.0000 

400.0000 

460.0000 


4.6412199 

4.6378599 

4.6346162 

4.6314797 

4.6284422 

4.6254967 


CARBON DIOXIDE 


40.0000 

100.0000 

160.0000 

220.0000 

280.0000 

340.0000 

400.0000 
460.0000 


3.8730368 

3.8677112 

3.8626859 

3.8579253 

3.8533999 

3.8490855 

3.8449614 

3.8410099 
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CHMf>j<fS{>SiR U,lTi FACHK uSJ.«i, ,\<U. * r, : ; |P j U */•;; A [) !.; 'r/v 

PijTc.^ j 1 Mf. s ' jh nu?U i-r.T.iA ■* !■■ 1 5i ) -iTaT.))’)'. 


XFrlP F 

/.Mexpt- i 

2M L 1 

7. •!?. JA 

2uO v i r 

//’(ili 

2 r 1 v j r 

h 0 <*, 7 1 ’’ / lb! 

f •' u * l\ 



XT- 

0.20y0 





t»7KSi»»l.AF= 200. 

M’n 1 -4 


loo.oun 

,94 39 

.9584 

.93 7 2 

, 91 b3 

- 0 . J /'I 

220.000 

.9571 

.9/04 

.954b 

. 7bt>7 

! , 3 ' 

260,000 

• 9 6 d 0 

.9 79.) 

, 9 o 6 8 

. 06 b 1 

0 . 0 1 5 

340.000 

, 9 7 o 2 

.9653 

.9 /54 

, 97 b4 

(1 . 0 | 0 

400.000 

,9322 

.9900 

.981*8 

. 3325 

3.326 

4 b 0 , 0 0 0 

.93/1 

.9936 

.9866 

. 98 /<* 

- 0 . 1 j 0 7 



K1 s 

U.20o0 





PRBSSUKEs 400. 

ot’si a 


J 60.000 

.6820 

.9095 

« 8 b 4 0 

.67 65 

- 0 . 3 v 9 

220.000 

,9128 

.9373 

.9041 

. 9 1 5 1 

0.<» 35 

260.000 

,93b0 

.9563 

.9309 

. 9 3 0 8 

0.06 3 

340,000 

,9529 

,9696 

,9 49b 

. 95 35 

O.O 06 

400.000 

,9652 

.9797 

.9630 

.9657 

0,056 

460.000 

,9749 

.9871 

.9/29 

.97 49 

-0,001 



¥1 = 

0.2000 





FRESSURF= bOO. 

uPsi a 


160.000 

.8158 

.8514 

,111b 

.8157 

-0.013 

220.000 

.8673 

.9001 

.8478 

.6/0.3 ' 

0.344 

280.000 

,9046 

.9319 

.8925 

,40o6 

0.226 

340.000 

.9297 

.9536 

,922b 

.9319 

0.233 ' 

400.000 

.9486 

.9592 

.9437 

.9502 

0.164 

460.000 

.9630' 

.9808 

,9592 

.9638 

0,0/8 
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n= o.20u<* 





MIkf:= o(>j. 

UP$ 1 d 


1 00 . 0(.lO 

• 7iy*5 

.780 4 

.6 71/ 

. / 6^3 

1 . !) J6 

? jf ' m < u,n 

. h 2 1 7 

.9592 

.7 86 b 

. ' > 1 0 1 

1 . 9 1 ■' 


•' , a 7 JO 

.9061 

.651/ 

. r.i 7 ■_> 9 

6 , h , 3 

UO.n uo 

.70 /7 

.9371 

. H 7 4 0 

.31^0 

o..| /h 

4 V 0 . 0 U 0 

.7*20 

,9588 

.9212 

. 4 1 0 1 

0. 1 39 

4t>0 , Ou<' 

.75 22 

• 9 7 4 r> 

,<M r o 

. 96j<) 

9.1 7 0 



71 = 

u. 20oO 





9RU.P6MKK5 1 0 00. 

oPs i a 


1 b o . n U O 

. b5 98 

. 6 95b 

, 643b 

. /9b 6 

4.9 3-1 

?20.()yO 

,/7 u 5 

.8161 

.7176 

. /956 

7 . 4 <> 

2 d 0 . 0 u 0 

.6438 

,3J9o 

• H 0 9 3 

. 0 8 4 3 

1 1 

340.000 

.68 11 

. 9 2 ') o 

.8563 

.89*8 

0 .7*6 

400.000 

,yl 84 

.948 / 

. 9 (j 4 8 

.9239 

0.697 

460.000 

.9419 

.9589 

.9321 

.94 35 

0. 3»0 



*1 = 

0.2000 





PRKSMJKFsl 260, 

, oPs i a 


1 60,000 

.5708 

.5879 

.3680 

. /Ob? 

2 3.716 

220.000 

. ,72<i5 

, 7589 

.6284 

. 768? 

6,030 

200.000 

.H093 

.. 946 7 

.7551 

,8 315 

2.746 

340,000 

,6645 

.9008 

. 8 3 1 1 

» 8 7 d 0 

1 . 5o 0 

400. OuO 

.702 3 

.9370 . 

.8811 

.9120 

1 .080 

460.000 

,9306 

.952 / 

.9161 

,93 /5 

0.74? 



171 = 

0,2000 





PRii 

SS0nF=1500 

.OPs! a 


160,000 

.5088 

.5347 

.238d 

,8515 

67,3o4 

220,000 

.6794 

.7093 

.5423 

,7 71? 

13.509 

280,000 

, 7795 

,9169 

.7027 

.8214 

5.371 

340.000 

.8440 

,8830 

.7973 

.868? 

2.870 

400,000 

, 8 882 

,9269 

,858 b 

.9048 

t .806 

460,000 

.9208 

.9578 

.9013 

.9328 

1,301 



1 ( 1 = 0 




8 to c . 

SS'JKF* 1 / r vj 

. OPs 1 a 


i oo.nun 

,4«y7 

.5(5 12 

, 2 2 r ' 3 


1 2 ’? . “ 1 4 

2 /o.nuO 

* to 1 o 3 

• 6791 

, 4 /,4 9 

. ;i 1 o 7 

2 . 8 i ' ' 

2 ot 1 , Ouu 

. /So 1 

* 7 9 i 9 

. to ’■> to t> 

• 3 7ft? 

to. 5 Jto 

3 '4 0.0 oo 

,82/3 

• S»bR9 

. 1 o h o 

. o 0 / 4 

4 . >» 4 t 

■1UO.OOO 

* rt 7 / 3 

,9103 

.8 38.! 

. 9 0 3 0 

7.9 

4uO . 0^0 

.0134 

.9513 

. 6 '-5 8 3 

. 9 3 i *< 

2 . " i 7 



*1 = 

U , 2 0 0 n 





pRs; 

SblWF = ?vOw 

. 9 P S 1 -i 


1 60.000 

. 4 C> / 1 

,696/ 

.?92o 

1 .49*2 

1 b 4 . 5 i P 

220,000 

, t<2 ?9 

.6302 

,4 393 

.91 57 

45,6 jl 

280.000 

. ! 3 90 

.7815 

, 62 'W 

. b 5 6 6 

16.7 

340,000 

,8160 

.8601 

.7420 

. H 7 o H 

7 . 4 b 6 

400,000 

,8634 

.9449 

.-8 2 2 u 

,‘>075 

1.605 

4 to 0 , 0 0 0 

,8075 

,953y 

.8775 

.9351 

3.014 



X 1 = 

0.2000 





PRtRSUKF:=2250 

, o P s 1 a 


IbO.OOO 

■ .6183 

• .8263 

.3903 

1.7193 

231 .722 

220,000 

,6246 

.7133 

,4408 

1 , u5 0 1 

63.1 Jl 

280,000 

.72/9 

,7830 

.5996 

, 9057 

24.425 

340.000 

,8080 

.8579 

.7237 

.89/7 

11 . 1 U 6 

400,000 

, 86 3 1 

.9145 

.8093 

.4189 

6 . 4 o 4 

460,000 

,y()4 3 

,9558 

. H o9b 

.9429 

1.2b 1 


Aver.Abs.Ueviat 15,5759 
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/.MbXpt.i /.Ml, ! 7.,»..|A // 1 * i«T *» 4 M T ' 

? 1 1 r* / 1 t 3r H * i t /,■• i. 




1'1= 0.6 0 00 





PPKSiSM|<Fs 206. 

1 i 


1 (to. non 

.9370 

.9611 , 9 7 7 7 

. 9 3.l1 

- 9 . 7 j .1 

1 t>n .OuO 

.9*3 4? 

.9/35 . n 4'to 

.‘(MO 

.'-’7 ‘I 

?/0 ,0i)0 

. 96b 1 

• 9 d 7 1 .9645 

.065 7 

Ml < l J 1 ^ *’1 

?»0.000 

.9740 

. 9 rt 8 2 . o / A t, 

,r'5A 

0.05 6 

340.000 

.9314 

,997b .9817 

.0024 

1 . 0 9 4 

400.000 

.9366 

,9959 .986,4 

.9973 

0 . 0 H 6 

4b0.000 

.9906 

,9883 .980/ 

.991 1 

o.o 57 



Y 1 = O.bOoO - 





PPKRSHhFs 400 . 

uPs 1 d 


1 (to. 000 

.8646 

.9142 .8418 

.8633 

-1 .79/ 

1 00.000 

.9060 

.9436 . 8 9 3 y 

. 9 0 10 

-0 .649 

720.000 

.9316 

.9676 .9262 

.9313 

-o.«2? 

780.000 

.9500 

.975? .9478 

.9616 

9.166 

340.000 

,96 36 

.9850 .9 b 7rt 

.9666 

9.706 

400.000 

.9736 

'.9918 .9735 

,9756 

9.709 

460.000 

.9817 

.9968 .9«14 

,9829 

0.173 


- 

Y 1 s 0.6000 





PRESSOHFs bOO. 

0 P s t a 


1 00.000 

.7794 

.8554 ,7350 

,7669 

. -1 .608 

160.000 

*8543 

.9097 .830b 

.64-87 

-0,661 

220.000 

.8960 

.9416 .9848 

.8977 

0 , 1 37 



2 b 0 .ooo 

.9246 

,962b 

.9197 

,92»4 

0.416 

340. OoO 

.9458 

.9773 

.9434 

,9497 

0.4J6 

400.000 

,9606 

.9878 

,8601 

.964,8 

0.439 

400.000 

.9726 

.9956 

.0723 

.9758 

0.3 j6 



¥ 1 = 

0 .6000 





PR£SS11PF= 800. 

OPs la 


1 00.000 

.67*5 

.7779 

.5-9 35 

.66b? 

-1 .519 

160.000 

.7997 

.8713 

.7587* 

.7953 

-0.554 

220.000 

,8604 

.9192 

.8404 

.964? 

0.4 45 

280.000 

.9000 

.9493 

.8904 

.90b« 

0.771 

340.000 

,9284 

,9698 

.9237 

.9354 

0.754 

400.000 

,9488 

.9842 

.9 467 

.9559 

0.681 

460.000 

,9643 

0 

.9947 

.96 33 

.9697 

0,556 



¥1 = 

0.6000 





PRgRSUKFsl uOO, 

. ups 1 a 


1 UO.O'jO 

.5575 

.671 J- 

.3909 

, 56 j7 

1.117 

160.000 

.7422 

.8284 

,676b 

.7431 

0.116 

220.000 

.8257 

.8959 

.7933 

,8357 

O .674 

280.000 

.8767 

.9361 

.8 605 

.8877 

1 .?50 

340,000 

.9122 

.9626 

.90,39 

.9229 

1.173 

400.000 

.9373 

.9810 

.9336 

,947? 

1 .069 

460.000 

.9563 . 

.9942 

.9547 

.9648 

0.944 



■ ¥1 = 

0,6000 





PReSSORF»1250 

.OPS 1.5 


too.ooo 

,3852 

,5660 

,0585 

,6243 

f>?,0p6 

160.000 

.669? 

.7712 

‘.561.0 

.6885 

2,810 

220.000 

.7830 

.8667 

.7315 

.3018 

7.398 

280.000 

,8487 

.9202 

.8226 

.6679 

7; 260 

340,000 

,8935 

.9544 

',8796 

, .9105 

1 .903 

400.000 

,9242 

.9778 

.9177 

.9396 

1 .671 

460.000 

.9476 

■ .9944 

,9445 

,9606 

1 .367 
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n- o.booo 




PPi 

•IPSORFsl 500, 

oPsia 


100.000 

.3440 

• 7 9 q 2 

.1181 

1.1358 

229.164 

1 60.000 

.6031 

.7227 

.*427 

.6690 

10.927 

220.000 

.7444 

.8404 

.66«6 

.7816 

6.00 4 

280.000 

.8240 

.8 063 

.7857 

.8548 

3.743 

340.000 

,8767 

.8478 

.8563 

.9025 

2.946 

400.000 

,9126 

.9 759 

.9028 

,9353 

2.482 

460.000 

.9400 

.9957 

.8353 

.9588 

t .9-95 



Y1 

= 0.6000 





pr< 

e ;SS"'<F=1 760, 

,.OPsia 

■ 

100.000 

.3621 

1 ,0498 

.2940 

1,5489 

327.747 

160.000 

.5529 

,7108 

.3544 

.7210 , 

30.397 

2 2 0 0 0 

.7U3 

.8213 

.6128 

,7798 

9.628 

280.000 

,8024 

.9958 

.751 3 

,«50f 

S.9i)7 

340.000 

.8621 

.9434 

■ .0 34.8 

,8990 

4.387 

400.000 

,9035 

,9756 

.8885 

.9345 

3.434 

460.000 

.9333 

.9982 

.8273 

.9596 

2.921 



3ft 

* 0.6000 





P»£SSm<F=2000 

.OPsia 


-tco.ooo 

,3899 

1 .2626 

,4f>04 

1,8740 

380,640 

160.000 

.5278 

.7582 

,3315 

.8569 

62.349 

220.000 

.6849 

.8150 

.5675 

.8028 

17.209 

280.000 

.7843 

.8905 

.7216 

.857 3 

9.309 

340.000 

.8494 

.9420 

.0160 

,9036 

6.383 

400.000 

.8953 

.9773 

,078\i 

,9379 

' 4.7S9 

y' 1 

460.000 

.9280 

1,0022 

.9207 

.9634 

' 3.818 

* 

* 1 


’ .... 


W^.11. 


aver. Abs, Deviation ,%» 19.3561 
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COMPRESSIBILITY FACTnR USING AUGMENTED MSMnAH n JO^KS 
POTENTIAL FDR CD2 ( l ) -ETHANE (? ) MTXTijRE 


TEMP F ZMeXDtl 

Z«fbJ . 7.HT. J A 

zmma 

%hev l. A rTuN 


2u4Vl r 

3 r d v 1 r 

L 5 ' L I A 

MW>mp» UliW'i IWI» iWOllllW MMlU 1 


n- o.aoQO 


160.000 

.956? 

poKSSULTs 200. 

,9770 .9334 

OPsI a 

.93 45 

-? . ? t>7 

220.000 

,9680 

.9846 

.9532 

,9541 

- 1 .4 35 

280.000 

.9774 

,9900 

.9667 

.96/5 

-1 .0J5 

340.000 

,9833 

.9940 

.9 762 

.9769 

-0.655 

400. 000 

.9880 

.9969 

.9831 

.98 37 

-0,440 

46P .OyO 

.9917 

.9991 

.9383 

.9867 

-0.3‘H 



t\ s 0,8000' 

\ 


1&0.000 

.9108 

PRESSURES 400, 

,9512 .8598 

. opsI a 

,8645 

-5.080 

220.000 

,9358 

.9690 

.9029 

.90/0 

-3.080 

200.000 

,9543 

.9/96 

.9316 

,9351 

-?,0'1 1 

340.000 

,96/0 

,9378 

*951/ 

.95 44 

-J .30? 

400,000 

.9766 

.9438 

.9660 

.968? 

-0 » 9b5 

460,000 

.9836 

.9983 

.9765 

,97a? 

-0.63 s 

160.000 

\ 

.8623 

*1= 0,«000 

PRESSURE^ 600, 

.9222 .7773 

.OPsta 

, 7893 

—8 , 464 

220.000 

,9022 

.9502 

,8490 

.9687 

. -4.8?t 

280.000 

.9311 

■ ' ,9888 

,8953 

• .9031 

-3.no? 

340,000 

,9508 

,9817 

,926b 

,9329 • 

i-1 , 8ij7 

400.000 

,9651 

.9909 

. ,9488 

• .9536 

’-1.1 H.? 

460.000 

.9756 

.9976 

,9649 

,9687 

-0.709 
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xi = u.80oo 
pressure# sno.OPsia 


1 faO.OUO 

.8123 

,8898 

,6848 

.7088 

-12.746 

220.000 

,8686 

.931 3 

,791 l 

.80 98 

- 6.760 

280,000 

.9085 

.9578 

.8573 

.8 7 20 

- 4,014 

340. OQO 

.9343 

.9/56 

,9010 

.91 24 

- 2,341 

400.000 

.9534 

.9883 

.9314 

‘ .9403 

-1.377 

460.000 

.9681 

.9976 

.9533 

.96 0 ? 

-0.813 



SCI* 

0.8000 





POES 

SURE#! OOO. 

opsta 


160.000 

.7576 

.8535 

.5787 

• o ? 1 8 

-17.927 

220.000 

,8361 

,9117 

.7297 

.761? 

- 8,057 

280.000 

f 

,8858 

.9468 

,8180 

,8422 

- 4.027 

340,000 

.91 89 

.9599 

.8750 

,8935 

- 2 , 76 ? 

400.000 

,9431 

.9861 

,9141 

.928 3 

-1 .566 

4^0 . 000 

.9609 

.997? 

.9420 

.95 30 

-0,827 



1 1 = 

o .BOuo 



* 


PRESSURE#! 250, 

, OPS 1 3 


1 bO.OuO 

.6883 

.8045 

,4264. 

.504* 

- 2 6 , 1 y 2 

220.000 

.7960 

.8870 

.6480 

. 7024 

-11 -..759 

280,000 

.8588 

,9335 

,7675 

.8077 

-5,053 

340,000 

.9002 

,9634 

,8423 

,8725 

-1,08* 

400.000 

,9305 

.9840 

.8928 

. 9t‘i6 

-t ,6u5 

460.000 

.9524 

,9985' 

,9283 

,9457 

-0,7t)3 



XI = 

.0.8000 





PRESSURE#! 500 

,OPs : l a 


160.000 

.6203 

.7585 

,2550 

.3997 

-35,556 

220.000 

.7568 

,8638 

,5621 

.6488 

' -14.??? 

280.000 

.8335 

.9217 

,7164 

' .7778 

—6 . 68 1 
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340.000 

.8833 

.9382 

.9100 

,8631 

- 3 , 1 ft 7 

400.000 

.9193 

,9829 

,8722 

.9057 

-1,478 

460.000 

.9448 

1.0003 

.9153 

.9407 

-0.429 



n = 

0.8000 





PRESSURES! 750, 

OPst a 


1 60.000 

.5597 

.7357 

.0847 

, 3266 

— 4 1 .639 

220.000 

.7214 

,8454 

.4762 

,60b" 

-15.997 

280.000 

',8108 

,9124 

,6662 

, 7546, 

-6.943 

340.000 

.8678 

,9546 

,7787 

.8423 

-2.936 

400.000 

,9087 

.9831 

.8524 

.8992 

-1 .050 

4bQ .000 

.9380 

1 .0030 

.9032 

.9383 

0.034 



ll: 

0,8000 





f>&ESS»!KFs?09u. 

OPsla 


160.000 

.5221 

.7654 

-.0321 

.3310 

-36.596 

22O.O0O 

,6909 

,8363 

.3957 

,38 05 

-15.973 

230.000 

.7914 

.9070 

.6187 

,739*3 

-6.527 

340.000 

,8541 

. .9534 

,7491 

,8349 

-7.246 

40". 000 

.8992 

.9849 

.8340 

, 8964 

-0.316 

460.000 

.9318 

1 .0070 

.8921 

*9387 

0.736 



11 = 

0,8000 





p8g.SStmF*2250, 

,OP$ta 


160,000 

,5068 

,8524 

-.0719 

.4158 

-17,967 

220. QUO 

,6684 

,8114 

.3291 

.3790 

-13,3/1 

280.000 

,7746 

• 9069 

,5756 

,7360 

-5.O40 

340,000 

,8429 

.9552 

,7 223 

.8338 

-1 ,083 

400,000 

,8918 

,9887 

.8175 

.8977 

0.666 

4&0.000 

,9264 

, 1 .0124 

,8624 

,9420 

1, .684 



11 = 

0,8000 





PfTESSimEa2500 

.OPsla , . 


160.000 

,5082 

.9741 

-.0501 

.5488 

7.0«7 

220,000 

.6522 

. ,8649 

■,2814 

,605ft 

1 -7.150 
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280.000 

,7621 

.9137 

.5395 

.7435 

”2.137 

340.000 

.8343 

.9605 

.6991 

,8 395 

0.627 

400.000 

.8853 

.9947 

,8031 

.9036 

7.072 

460.000 

,0227 

1.0194 

.8744 

,9485 

2.797 



n = 

0,8000 





PR(£RSUKFs2750, 

GPsia 


160.000 

.5194 

1.1097 

,0074 

, /on 

34,979 

220.000 

.6447 

.9071 

,2579 

.6593 

2.261 

280.000 

,7531 

.9285 

,5120 

, 7648 

1 .551 

340.000 

.8280 

.9698 

.6801 

,8527 

2.981 

400,000 

.8811 

1.0032 

.7915 

.91 43 

3.766 

460.000 

.9200 

1.0281 

.,8 681 

.9583 

4.168 



¥1 = 

0,8000 





pressorf:=30oo. 

. OOsJ a 


160.000 

,5373 

1 .2421 

.0796 

.8511 

68. 10 1 

2<i0 . OuO 

,6445 

.9658 

.2573 

, . 7353 

14.0VO 

280.01)0 

• .7487 

,9517 

.4947 

.7891 

6.725 

340.000 

.8236 

,9839 

.6661 

,6737 

4.979 

400.000 

.8792 

1.0144 

.7829 

.9297 

4,741 

460.000 

,9192 

1.0386 

,8639 

.9716 

5.687 


Aver. Abs.i3Pviatioa,%= 7 , Jj 89 



CHMORFSSiaiT.ITY FACTOR USING A" 1 -’ '■ yVn f.ENNARP OQNES 
OQTENTTAT. For C07( 1 )-PPOPAHKf2> M jyfURp 


tfhp f 

ZMexptl 

zmu.t 

7.MT.JA ‘ 
7n<lV1 r 

ZMU.TA 
3rriY1 r 

%9EviATTnN 

ZML.JA 

wforMMWnnimimmsii 

* <* 



<m mm <m <m *8* *f* ** ** *• ** * 




Yt = 

0.2000 




% 

PPFSS'HIFs 200. 

o c s la 


720,00^ 

.9123 

,9544 

.9179 

.9183 

0.654 

780.000 

.9748 

.9681 

.9361 

.9396 

0.514 

340.000 

.9*508 

,9778 

,9572 

. 95,46 

0.191 

400,000 

.9616 

,9849 

,9637 

.9653 

0,785 

456. 00O 

.9711 

,9903 s 

,9773 

.9734 

0,7 36 



YIs 

0.2000 





PRESSURES 800, 

uosia 


220,000 

.5305 

,7071 

.4218 

.6744 

27,126 . 

78O.O0O 

.7120 

,8373 

,669ft 

.7656 

7,530 

A4O.000 

,7985 

,9986 

.7767 

,8784 

7.866 



400,000 

.RSI 4 

, 0 3 6 3 

.9405 

.8729 , 

2.526 

460,000 

, R «86 

.0621 

, 8814 . 

,9044 

1,781 



¥1 = 

0,2000 





PRK5S»!«P«1000 

. ops la 


?20,000 

,4162 

.6803 

.234? 

,8758 

110,439 

280,000 

,6147 

,791 5 

.5563 

.7451 

17,192 

140,000 

,7486 

.8711 

,7105 

,8042 

7,440 

400,000 

• 81 bo 

.0224 

.7978 

.8526 

4,229 

460,000 

.8650 

.9553 

,8543 

.8890 

2.670 



Y 1 = 

0.2000 





PRESSHRKssI 250 

.OPsia 


220,000 

,3715 

1 ,0693 

.4327 

1.6900 

154.825 

280.000 

,5695 

,7783 

, .4507 

.8170 

41.467 

140 ,000 

.6044 

.8518 

.6348 

,8048 

15.004 

400.000 

.7805 

,9115 

.7483 

,8424 

7,025 

460, 00O 

,8410 

.9512 

.921 3 

,87b 7 

4,484 








Aver.Ahs.t)«»vlai'lrin,%« 10.6841 
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COMPRESSIRIMEY FACTOR USING AUGMENTED TiENN ARO JONES 

FQTENTTAL FOR ro->(1 )-PROPAMEf 21 MIXTURE 

TFMP F ZMexptl ZMLJ 7.MT.JA ZMLiJA . %OEVI ATT QW 

7ndvtr 3rdyfr zmlja 



Y1= O'. 4000 
PRESSURES 200 . OPS i a 


1 60. OOP 

.9060 

.9498 .9189 

.9247 

1,907 

720.000 

’.‘mo 

.9646 .9473 

.9458 

1 .165 

280,000 

.9508 

,9764 ,9577 

.9601 

0.974 

340. OQO 

'.96 35 

.9832 ,9686 - 

,9707 

0.69I 

4(>O.OyO 

.9715 

,9899 .9744 

.9776 

0.615 

<160.000 

.9700 

.9992 ,9872 

.9838 

0.4 16 



Yls 0.4000 





PRESSURES 800 

.u n $la 


160.000 

.7998 

,7678 ,6270 

.7360 

<* 7,991 

220.000 

.6976 

.9110 ,6915 

.79H 

' 13.445 

280.000 * 

.7945 

,8837 .7993 

,8529 

7.346 

240 . ooo 

.8544 

.9265 .9607 

*8931 

4.531 

400, 000 

,8912 

,9545 ,9999 

.9210 

3,346 

460.000 

,91f« 

.9743 ,9273 

.9416 

.7, 36? 
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Y 1 s 0,4000 
PRESSORFstOOO'.OPsia 


1 60.0Q0 

.6658 

- .6586 

.4546 

.7004 

6,201 

220.000 

.6166 

' , 7 4 8 9 

.5709 

.7797 

26,480 

280.000 

.7445 

.8509 

.7383 

.8336 

11 .965 

340,000 

.8196 

,0079 

.8272 

.8773 

7,051 

400.000 

,8660 

. .9444 

.8742 

.9091 

4.873 

460.000 

.9026 

.9607 

.9008 

.9330 

3.376 



Ytr 

0,4000 

- 




PRESSOREfcl260 

.0Ps?a 


1 60.000 

.4850 

,5915 

.2414 

.9652 

99.017 

220.000 

.5195 

,7122 

.4615 

.9014 

73,508 ' 

280.000 

.6883 

.8179 

.6656 

.8398 

22,012 

340.00" 

'.7800 

,8800 

.7764 

’.8714 

11 ,7?3 

4 00.0 0 o 

.8408 

.9349 

.8445 

.9025 

7.336 

460,000 

.8»50 

.0664 

,8900 

.9276 

4,810 



Pimm mpmwMnnt w 




Aver. Ahs. Deviation, %*= 13,472.4 
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COWPRFSSTOTMTY FACTOR USTMfl AfUJMKHTFO T,F*!N ARO ,TO M E6 
POFENTTAT, for rn?( 1 )-pPOFAWE<’2t w r.^T'’RF 


tfmo f 

Z M evotl 

** w * ** * ' 1 

ZML.t 

7M5JB 

7r»fivi r 

» v * ** ¥ 

ZM(,.TA. 

3t'4V1 r 

« If W „ I ♦ 

%OEVT. ATTOO 
Z M 1 ,TA 



Y1 = 

o'.eooo 





PR KCfl'HJFs 200 . 

o D si a 


160. opn 

'.9485 

.9715 

.8296 

.9313 

*1 .910 

520,000 

'.9639 

.9007 

.8506. 

'.9610 

-1 .714 

580.000 

'.97*5 

.0871 

.8648 

’.9659 

- 0,700 

340,000 

.9800 

,991 8 

.9748 

‘.9756 

- 0,451 

A Or .non 

’.9853 

.0963 

,98 70 

'.9977 


4fiP.0(»O 

.9805 

.0979 

.8874 

”.9870 

#*» ft # 16^ 


‘ 

YIs 

0.8000 





P8F.8S M 8Fss 400* 

.9 B s1 a 


16A.O00 

.8020 

.9387 v 


*.8 549 

- 3*030 

72O.O00 

'.9753 

.8595 

,8968 

.9026 


780.000 

‘.9 468 

.8735 

.92^5 

’.9329 

-1.565 

34O.O0O 

*.9510 

.9834 

.8486 

.9521 

- 0 . 93 O 

400.000 

*.9700 

.9906 

,9637 

'.9663 

- 0,477 

460.000 

*.9790 

.9960 

,8747 

’.9769 

-0.317 



Y1* 

0,8000 





8RF.8SORF* 609 

'.OPgia 


/I 60.000 

.8301 

.9004 

.7569 

‘.7759 

-6.52« 

720.000 

.8860 

,8364 

.8182 

’.11627 

■' -7.017 ' 

780.000 

',9190 

.9582 

.9801 

'.8909’ 

-7 ,1 96 

340.000 

■ '.9419 

. % 8?49 

.8216 

'.9287 

-t.7'90. 

4Q0.000 

'.9574 

.1*861 

,9461 ^ 

; ‘.961? 

—9.643 

460.000 

- '.$698 

,,9944 

.9671 

‘.9668 , 

■ -0,306 : ' : 



45 




¥1 = 

0.8000’ 





PPFRSHRKse 800 « 

opgla 


1 60.000 

’.7636 

.9568 

,647? ■ 

*.6876 

-9.938 
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.7738 

'.8014 

-*.037 
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‘.8026 

.9445 

.8469 

‘.8671 

- 7.844 

340.000 

’.9731 

.9665 

.9940 

*.9 090 

-1 .524 

400.000 

’.9439 

.9819 

.9264 

'.9377 

-n .64'' 

460.000 

'.9697 

.9932 

.9497 

’.9587 ‘ 

-0.157 



¥1 a 

o’.eooo 





PPERSHRS'=100o’. 

OP 31 a 
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'.6910 

.8038 

.5165 

*.5826 

-14,737 • 
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.7042 

‘.7618 
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YIs 0.8000 


1 60,000 
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. 6*48 

.90*4 

,4178 

.6368 

-2.751 

080.000 
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.7627 
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OPs 1 a. 
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87.736 

220.000 

*.6213 
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.3465 
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'.7433 

.8825 , 
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‘.8227 
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3.478 
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COMPRESSIBILITY FACTOR USING ."’ V’ J RENWARH JQRKS 

PUTENTTAf. FOR CU2C 1 )- >;.MT?WF(? ) w * T XTURE 
TFHP F ZMexotl ZMLO ZMT.JA ZMCjJA. %neVtVrTOl 

2n<ivlr JrBVI r zmij.ta 




X 1 » 0,2000 





PRESSURE 200 . 

OPsi a 


340.000 

. 9 t f )0 

.9848 .9213 

,9257 

1 .057 

400.000 

.9360 

.9903 .9401 

.9431 

9.763 

460.000 

.9514 

.9944 .9537 

,9559 

0.476 



¥ 1 = 0 s . 2000 





PRESS 'NTs 400, 

OPs i.i 


3'l0.0*|0 

.8236 

.9662 .8250 


0 .nil 

4 Of' .0\‘P' 

.«685 

.9795 ,0711 

. ;jR54 

1 .944 

/» c n.n ;n 

.8991 

.9886 .00^5 

.91 28 

1 .465 



K!s 0.2000 

PRESSHRF* bOO. 

, OPs 1 a 


340.000 


.9432 .7005 

. 7650 ' 

6.123 

400. OoO 

.7989 ‘ 

.9676 .7009 

.8768 

3.757 

400*000 

.8487 

.9829 ,9460 

,8707 

7.596 


, 

Yl* 0,2000 

PRESSURES 8 0(i, 

.OPs la 


340.000 

.6052 

.9161 ' .5318 

• 6**33 

14.563 

400.000 

.7288 

.9555 ,6973 

■ .1783 

6.797 

400.000 

.7985 

,9779 .7839 

’ .8336 

4*387 



* 1 * 0 . 2^00 

PRESSURE * 1000 

.OPsla 


340.000 

. ,4955 

,8961 ' ,3094 

.08 60 

JR, 4 44 

400.000 

.6620 

,9467 , *5904 

■ ,7438 

0*361 

460.000 

.7538 

,9741 ,7 178 

*#. , * ^ m * 1 fk' ft * 

• * * ^ 1 

. .8049' , 

' ,’’6.770 


kmt* Afes , bp yi low #%»/■& 0W 
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TKtft* 


CHMPRESRIRIT.ltV FACTO* 051? <, A”^' 4 .:” i’PJ T j^'aiAUO -1 

PUTF.ITTAf- Fi]9 ct‘*> 1 1 ) * -P(2 J 

F ZMexotl ZW ZMl.JP Z’U.-T.t 

?nd/ ir 3rrtvtr Z^.ta 


T1 = 0.RO0P 
PRESSURPs 200. J°s1 A 


340.00-0 
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1.1-1 
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.9/14 
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0.013 
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, Q 96«3 

. ° 7 9 3 

.97-13 

1 . 66 0 



l\ = 

O.bOOO 





P Rg<5S f TWFs -100, 
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7.7h 1 
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■■; '' '*9’290 - f 

.9870 
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340.000 
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.965 3 
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.89t>7 

4.756 
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.97 33 

3.33? 
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.9195 

,9908 

.0370 

.94 25 

7.49° 
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* ,8060 

.9522 ' 
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■ 0 . 5CC 0 
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.MP71 . 
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- ■ , 




p*essjTftftei?$0 
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" .;6«'4 1; 


V / 19,781 
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,■*^5 
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1 1 .3/0 

4 ^ 0 . ooo 
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, m c 7 n 
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. ■>' *.0 
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.| J; rti **>?! 
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,7577 

,961.7 


.< T - . f 

m 

0 S ? jf 
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Aver. Abs .uovl at inn , 7 ,5^0-t 
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CnMPKSSSl^IUTy FAf!ff)K USXHO ,» r \> u ? V n hy'tS 

PutEHflAl, FjR CU2C 1 .-M* j ? ^ - K 

TFMP F ZMeXptI Z^jj T 7 - ! Z'-’u.T^ i A l M p -‘ 

?uHv i r 3rd v 1 r ‘//‘u>hi 

i 
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•s 

PRBSSUKKs 2«u, 

, 0*'& 1 m 
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, c 7?-. 
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0,3/? 

400*000 • 
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: : ■ 


41 = 

u.701/0 



’■ 'v ■' ; 
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t is O./OyO 
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. - 7 9 !. 
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Aver .Abs. Deviation^ 3 2.93yo 
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FIG. 5 COMPRESSION FACTOR OF CAR80NDI0XIDE- PROPANE 
MIXTURES 






Temp.i 460 F 
Experimental 
Aug. L J. eqn- of state 
mF=0*2,for CO2 

Aug. L J. eqn. of state 

mF =0*5, for CO 2 


1 400 800 1200 lt> 

PRESSURE IN PSIA 

COMPRESSION FACTOR OF CARBONDiOXlDE n BUTANE 
MIXTURE 



K 


Temp. =460 F 
Experimental 

Aug. UEqn.of state (mf = 07 for CO 2 ) 


400 800 

PRESSURE IN PSIA 


1200 


COMPRESSION FACTOR OF CARBONDIOXIDE 
n - BUJANE MIXTURE 


Temp.=~65 F 
Experimental 

Calculated by 
modified 8WR nv,;st*8 


EQUILIBRIUM VAPORIZATION RATIO K*y/x FOR 
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FIG. 9 EQUILIBRIUM VAPORIZATION RATIO K-y/x 
FOR CARBON DIOXIDE-PROPANE MIXTURE 
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